SEMICONDUCTOR DEVICE 

BACKGROUND OF THE INVENTION 

5 The present invention relates to a 

semiconductor device, particularly relates to a 
semiconductor device in which a protection circuit 
for protecting from electrostatic discharge is built . 

A device forming a semiconductor integrated 

10 circuit (IC) is minute and is easily broken by 
electrostatic discharge (ESD) . Therefore, a 
protection circuit for protecting an internal circuit 
from electrostatic discharge caused outside is built 
in the semiconductor integrated circuit, and various 

15 ESD tests according to requests from users and others 
are made . As a static electricity applied model used 
in the ESD test, a human body model and a machine model 
are represented. 

This type (the human body model and the machine 

20 model) of protection circuit ordinarily includes a 
protection circuit using a transistor or a protection 
circuit using a diode. 

The protection circuit using a transistor and 
the protection circuit using a diode will be described 

25 below. 

Fig. 11 is a circuit diagram showing the 
protection circuit using a field effect transistor. 

The protection circuit 700 using the field 
effect transistor includes the field effect 
30 transistor 701 which is providedbetween a power supply 
terminal 703 for supplying power to an internal circuit 
702 and an input/output terminal 704 for 
inputting/outputting a signal to/from the internal 
circuit 702 . The drain of the field effect transistor 



701 is connected to the power supply terminal 703. 
The source and the gate of the field effect transistor 
701 are connected to the input/output terminal 704. 

Owing to the configuration, when the potential 
5 of the input/output terminal 704 increases because 
of electrostatic discharge, the field effect 
transistor 701 is turned on to discharge electric 
charge caused by electrostatic discharge into the 
power supply terminal 703 so that the potential of 

10 the input/output terminal 704 is clamped. 

Fig. 12 shows a characteristic of the 
protection circuit using the transistor and Figs. 13 
show the voltage/current characteristics of the 
transistor and a diode. Fig. 13A shows the 

15 characteristic of voltage on a time base when a pulse 
is applied and Fig. 13B shows the characteristic of 
current on a time base when the pulse is applied. 

Figs. 12, 13A and 13B show the characteristics 
in case the transistor and the diode have the same 

20 size. 

The impedance (A Vl/A II) of the transistor 
shown by a full line in Fig. 12 is smaller, compared 

with the impedance (A V2/A 12) of the diode shown by 
a broken line in Fig. 12. However, in the transistor 

25 701, a characteristic represented by a curved full 
line in Figs. 12 and 13A, that is, so-called snapback 
effect is caused. The rise time of current is delayed 
by r because of the snapback effect as shown by a 
full line inFig. 13B. Therefore, correspondence with 

30 respect to the input of ESD having a rising waveform 
of which is sharper than that in a human body model 
or a machine model for example is delayed, and the 
internal circuit and a protective device may be broken . 

Fig. 14 is a circuit diagram showing the 
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protection circuit using a diode. 

The protection circuit 800 using a diode 
includes a diode 801 which is provided between a power 
supply terminal 803 and an input/output terminal 804 . 
5 The cathode of the diode 801 is connected to the power 
supply terminal 803 and the anode of the diode 801 
is connected to the input/output terminal 804. 

Owing to the configuration, when the potential 
of the input/output terminal 804 increases because 
10 of electrostatic discharge, the diode 801 is turned 
on to discharge the electrostatic discharge into the 
power supply terminal 803 so that the input/output 
terminal 804 is clamped at predetermined potential. 

Figs . 15 show characteristics of the protection 
15 circuit using the diode. Fig. 15A shows a 
characteristic of voltage on a time base when a pulse 
is applied and Fig. 15B shows a characteristic of 
current on the time base when the pulse is applied. 

In the diode 801, voltage and current rise in 
20 response to an input pulse substantially at the same 
time as shown in Figs. 15. However, after the rise, 
impedance is increased as shown in Fig. 15A. 
Therefore, for protecting the internal circuit from 
the input of higher-voltage ESD than that in a human 
25 body model or a machine model, the device is required 
to be large-sized to reduce impedance. 

In the above mentioned, for requests from users 
for ESD tests, there is a case that a test using a 
very higher-voltage and high-speed ESD pulse, 
30 compared with a human body model or a machine model 
is requested. 

However, as first transition until a transistor 
is turned on is delayedby the above-mentioned snapback 
effect in case the above-mentioned test is made in 
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a protection circuit using the transistor, a problem 
that the protection circuit cannot correspond to an 
ESD pulse the leading edge of which is sharp and an 
internal circuit may be broken occurs, 
5 Also, in case the above-mentioned test is made 

in a protection circuit using a diode, the area of 
a device is required to be increased to reduce the 
impedance- Therefore, to correspond to a 

high-voltage ESD pulse, a problem that the device in 
10 which the protection circuit is to be mounted is 
large-sized occurs. 

SUMMARY OF THE INVENTION 

15 It is therefore an object of the present 

invention to provide a small-sized semiconductor 
device that can enhance the speed of a response and 
the quantity of withstand voltage. 

In order to achieve the above ob j ect , according 
20 to the present invention, there is provided 
A semiconductor device, comprising: 
a substrate (31) ; 

a well region (32), formed in the substrate 

(31) ; 

25 a field effect transistor (Ql) , formed in the 

well region (32); and 

a diffused region (44), formed across the well 
region (32) and the substrate (31) for applying back 
gate potential to the well region (32), and forming 

30 a PN junction (Dl) together with its periphery, 

wherein the field effect transistor (Ql) and 
the PN junction (Dl) are connected between terminals 
(Tin, Tout, Ts, Tgnd) for absorbing excess current 
so that an internal circuit (11) connected to the 
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terminals (Tin, Tout, Ts, Tgnd) is protected. 

[0021] [0077] 

In the above configuration, as the rise of 

current can be dealt with by the PN junction (Dl) at 
5 high speed by connecting the field effect transistor 

(Ql) and the PN junction (Dl) between the terminals 

(Tin, Tout, Ts, Tgnd) and configuring so that excess 

current between the terminals (Tin, Tout, Ts, Tgnd) 

is absorbed and current can be absorbed at low 
10 impedance by the field effect transistor (Ql) after 

the rise of current, the quantity of withstand voltage 

can be enhanced . 

Preferably, a gate of the field effect 

transistor (Ql) comprises; 
15 a gate oxide film (36) formed on a 

channel ; 

a protective film (37) formed on the 
gate oxide film (36) ; and 

a conductive material (38) formed on 
20 the protective film. 

In the above configuration, as insulating films 
(36, 37) of the gate can be thickened, the quantity 
of withstand voltage of the field effect transistor 
(Ql) can be enhanced. 
25 Here, it is preferable that, the gate of the 

field effect transistor (Ql) is comprised of metal. 

In the above configuration, as the withstand 
voltage of the gate oxide film of the field effect 
transistor (Ql) can be enhanced by making the gate 
30 of the field effect transistor (Ql) of metal, this 
aspect can correspond to a case such as an 
electrostatic discharge test that large withstand 
voltage is required. 

Preferably, the field effect transistor is a 
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plurality of field effect transistors (Qll to Q14) 
which are provided in the well region (32) ; and 

wherein the field effect transistors (Qll to 
Q14) share a gate and a drain. 
5 In the above configuration, as current can be 

dispersed and bypassed into the plural field effect 
transistors (QlltoQ14) by providing the plural field 
effect transistors (Qll to Q14) in the well region 
( 32 ) and sharing the gates and the drains of the plural 

10 field effect transistors (Qll to Q14) , the fourth 
aspect can correspond to heavy-current. Besides, as 
the gates and the drains of the plural field effect 
transistors (Qll to Q14) are shared and are formed 
in the same well region (32) , the protection circuit 

15 according to the fourth aspect can be realized by small 
space . 

Preferably, the semiconductor device further 
comprising an impedance element (Rl) having larger 
impedance than the impedance of the field effect 

20 transistor (Ql) and a diode forming the PN junction 
in a case that the field effect transistor (Ql) and 
the diode (Dl) are turned on, 

wherein the impedance element is arranged 
between the internal circuit (11) and at least one 

25 of the field effect transistor (Ql) and the diode (Dl). 

In the above configuration, heavy-current can 
be prevented from flowing on the side of the internal 
circuit (11) when current is absorbed by the field 
effect transistor (Ql) and the diode (Dl) byproviding 

30 the impedance element (Rl) having larger impedance 
than the impedance of the field effect transistor (Ql ) 
and the diode (Dl) when the field effect transistor 
(Ql) and the diode (Dl) are turned on between the field 
effect transistor (Ql) and the diode (Dl) and between 
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the protection circuit and the internal circuit (11 ) . 

Preferably, the semiconductor device further 
comprising a second diffused region (45) connected 
to the diffused region (44) so that the PN junction 
5 (Dl) is formed with the defused region (44) . 

According to the present invention, there is 
also provided a semiconductor device (1), comprising: 
an internal circuit (11), connected to a 
plurality of terminals (Tin, Tout, Ts, Tgnd) / 
10 a protection circuit (12) , connected between 

the terminals (Tin, Tout, Ts, Tgnd) for protecting 
the internal circuit (11), 

wherein the protection circuit (12) includes: 
a first element (Dl), having a rising 
15 edge of current equivalent to that of a diode as a 
response to current that flows according to potential 
difference between the terminals (Tin, Tout, Ts, 
Tgnd) ; and 

a second element (Ql), having a 
20 impedance equivalent to that of a transistor after 
the rise edge of current. 

In the above configuration, as the first 
element (Dl) can correspond to the rise of current 
at high speed and after the rise of current, current 
25 can be absorbed at low impedance by the second element 
(Ql) by connecting the second element (Ql) made the 
similar impedance to that of a transistor after the 
rise of current and the first element (Dl) separately 
provided from the second element (Ql) and a response 
30 of which to current that flows according to potential 
difference between the terminals (Tin, Tout, Ts, Tgnd) 
has the similar first transition to that of a diode 
between the terminals (Tin, Tout, Ts, Tgnd) and 
configuring so that excess current between the 
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terminals (Tin, Tout, Ts, Tgnd) is absorbed, the 
withstand voltage can be enhanced. 

BRIEF DESCRIPTION OF THE DRAWINGS 

5 

The above obj ects and advantages of the present 

invention will become more apparent by describing in 

detail preferred exemplary embodiments thereof with 

reference to the accompanying drawings, wherein: 
10 Fig, 1 is a block diagram showing a 

semiconductor device according to a first embodiment 
of the invention; 

Fig. 2 is a circuit diagram showing aprotection 
circuit 12; 

15 Figs. 3 show characteristics of the protection 

circuit 12; 

Fig. 4 is a plan view showing the protection 
circuit 12; 

Fig. 5 is a sectional view showing the 
20 protection circuit 12; 

Fig. 6 is a plan view showing a transformed 
example of the protection circuit 12; 

Fig. 7 is a sectional view showing the 
protection circuit 12 according to a second embodiment 
25 of the invention; 

Fig. 8 shows an equivalent circuit of the second 
embodiment of the protection circuit 12; 

Fig. 9 is a circuit diagram showing the 
protection circuit 12 according to a third embodiment 
30 of the invention; 

Fig. 10 is a circuit diagram showing a 
protection circuit using a bipolar transistor; 
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Fig. 11 is a circuit diagram showing a 
protection circuit using a field effect transistor; 

Fig, 12 shows characteristics of the protection 
circuit using the transistor; 

Figs, 13 show the voltage-current 
characteristics of a transistor and a diode; 

Fig. 14 is a circuit diagram showing a 
protection circuit using a diode; and 

Figs. 15a and 15B show characteristics of the 
protection circuit using the diode. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

Fig. 1 is a block diagram showing a 
15 semiconductor device according to the first 
embodiment of the invention. 

The semiconductor device 1 of the first 
embodiment includes an internal circuit 11 and a 
protection circuit 12. 
2 0 A power supply terminal Ts, a grounding 

terminal Tgnd, an input terminal Tin and an output 
terminal Tout are connected to the internal circuit 
11. The internal circuit 11 is driven according to 
power supply voltage Vdd supplied to the power supply 
25 terminal Ts, applies predetermined processing to an 
input signal supplied to the input terminal Tin and 
outputs from the output terminal Tout. 

The protection circuits 12 are connected 
between the power supply terminal Ts and the input 
30 terminal Tin, between the input terminal Tin and the 
grounding terminal Tgnd, between the power supply 
terminal Ts and the output terminal Tout, between the 
output terminal Tout and the grounding terminal Tgnd 
and between the power supply terminal Ts and the 
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grounding terminal Tgnd respectively. The 
protection circuit 12s bypass excess current to 
prevent the excess current caused at the power supply 
terminal Ts, the grounding terminal Tgnd, the input 
5 terminal Tin and the output terminal Tout from being 
supplied to the internal circuit 11. 

Fig. 2 is a circuit diagram showing the 
protection circuit of the semiconductor device 
according to according the first embodiment of the 

10 invention. 

The protection circuit 12 includes a first 
protective element 21 and a second protective element 
22 which are connected in parallel. The second 
protective element 22 has a characteristic called a 

15 snapback and has the similar impedance to that of a 
field effect transistor after the rise of voltage 
between the terminals. The first protective element 
21 is an element a response of which to current that 
flows according to potential difference between the 

20 terminals rises up to the similar extent to that of 
the diode . For example, the first protective element 
21 has a diode Dl . 

Besides, in the second protective element 22, 
in case a pulse shape is applied to both ends at time 

25 to, current gradually rises as shown in Fig. 13B. On 
the other hand, after voltage once rises because of 
snapback effect, it is kept low in a stable state by 
keeping impedance low. 

In the first protective element 21, in case 

30 a pulse shape is applied toboth ends at time to, current 
abruptly flows as shown in Fig. 15B. Voltage applied 
to the first protective element 21 is held at a fixed 
level after the voltage is stabilized at time tl as 
shown in Fig. 15A. 
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The protection circuit 12 in this embodiment 
has the second protective element 22 showing 
characteristics shown in Figs. 13 and the first 
protective element 21 showing characteristics shown 
5 in Figs. 15 which are connected in parallel. 

Fig . 3 is an explanatory drawing for explaining 
the operation of the protection circuit 12. Fig. 3A 
shows a characteristic of voltage on a time base when 
a pulse is applied and Fig. 3B shows a characteristic 

10 of current on the time base when the pulse is applied. 

The protection circuit 12 can realize the 
characteristic shown in Fig. 3A in which a leading 
edge is sharp as shown in Fig. 3B since the first 
protective element 21 is operated in activation, and 

15 after the first transition of a pulse, the second 
protective element 22 is operated in addition to the 
first protective element 21 to keep at low impedance 
between terminals in a stable state. As described 
above, the protection circuit 12 can realize low 

20 impedance with a sharp response. Hereby, the 
protection circuit 12 can correspond to an ESD surge 
the first transition of which is speedy and the voltage 
of which is high. 

At this time, as current is bypassed via a field 

2 5 effect transistor Ql which forms the second protective 
element 22 and the impedance of which is relatively 
small after the first transitionof current is finished, 
voltage never rises . Therefore, the area of the diode 
Dl forming the first protective element 21 can be 

30 reduced. Hereby, the space of the protective circuit 
12 can be reduced. 

The first protective element 21 and the second 
protective element 22 share a diffused region. 
Therefore, the protection circuit can be further 
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miniaturized. 

Fig. 4 is a plan view showing the protection 
circuit 12 and Fig. 5 is a sectional view showing the 
protection circuit 12. 
5 The field effect transistor Ql is formed in 

a P-type well region 32 formed on an N-type 
semiconductor substrate 31 . In the P-type well region 
32, a high-density N-type diffused region 33 which 
is a source region and a high-density N-type diffused 

10 region 34 which is a drain region are formed. Achannel 
region is formed between the N-type diffused region 
33 and the N-type diffused region 34. 

A gate oxide film 36 comprised of an Si02 film 
having the thickness of approximately 4 0 nm is formed 

15 on a channel formed part 35 in which the channel region 
is formed. Further, a protective layer 37 is formed 
on the gate oxide film 36. The protective layer 37 
is composed of an insulating film 37a made of an NSG 
film having the thickness of 120 nm for example and 

20 an insulating film 37b made of a BPSG film having the 
thickness of approximately 480 nm for example . Metal 
gate wiring 38 made of aluminum for example is formed 
on the protective layer 37. The metal gate wiring 
38 is connected to a terminal T2 . 

25 As described above, the gate of the field effect 

transistor Ql has metal gate structure and as the film 
is thick in the structure, the breakdown of the oxide 
film is seldom caused. As the total thickness is 
approximately 640 nm and is thick because the 

30 protective layer 37 is formed on the gate oxide film 
36 at a metal gate, the withstand voltage is large. 
Therefore, the gate has the structure that can 
withstand convergent discharge sufficiently. 

In case the gate insulating film is formed by 
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only the gate oxide film having the thickness of 
approximately 40 run and made of Si02, the withstand 
voltage is 40 V, while the withstand voltage can be 
increased up to 700 Vby providing the gate insulating 
5 film having the thickness of approximately 640 nm as 
in this embodiment. 

Beside, a contact hole 4 0 is formed above the 
N-type diffused region 33 forming the source region. 
The metal gate wiring 38 is arranged in the contact 
10 hole 40. The metal gate wiring 38 is connected to 
the terminal T2 • 

Further, a contact hole 42 is formed over the 
N-type diffused region 34 forming a drain region of 
a protective film 39 having the same configuration 
15 as that of the protective layer 37. A drain wiring 
43 is formed in the contact hole 42 . The drain wiring 
43 is connected to a terminal Tl . 

Besides, in the well region 32, a P-type 
diffused region 44 called a channel stopper for 
20 applying bias potential to the well region 32 is formed. 
The P-type diffused region 44 is formed across the 
well region 32 and the semiconductor substrate 31 in 
the periphery. 

In the P-type diffused region 44, the contact 
25 hole 40 is formed through the N-type diffused region 
33 and connected to the metal gate wiring 38. 

Further, a high-density N-type diffused region 

45 is formed in the periphery of the P-type diffused 
region 44 . The N-type diffused region 45 is contacted 

30 to the P-type diffused region 44 and forms a PN junction 

46 together with the P-type diffused region 44. The 
PN junction 46 functions as the diode Dl . At this 
time, as the P-type diffused region 44 and the N-type 
diffused region 45 respectively forming the PN 
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junction 4 6 become a high-density impurities diffused 
regions, the quantity of withstand voltage can be 
enhanced, compared with a parasitic diode formed by 
the semiconductor substrate 31 and the well region 
32, and the impedance can be reduced. 

The N-type diffused region 45 is connected to 
wiring 48 made of aluminum via a contact hole 47 . The 
wiring 48 is connected to the terminal Tl. 

As described above, as the diode Dl is formed 
by extending the P-type diffused region 44 forming 
a channel stopper of the field effect transistor Ql 
outside the well region 32 and contacting the P-type 
diffused region to the high-density N-type diffused 
region 45, the diode Dl is not required to be formed 
in another region and the space can be reduced. 

Plural field effect transistors and plural 
diodes can be also formed using a common well region. 

Fig. 6 is a plan view showing the protection 
circuit 12 according to the second embodiment of 
invention and Fig. 7 is a sectional view showing the 
protection circuit 12 of the second embodiment. The 
same reference number is allocated to the same 
component as that shown in Figs. 4 and 5 and the 
description is omitted. 

A protection circuit 112 in this embodiment 
has first to fourth field effect transistors Qll to 
Q14 are formed in a well region 32 and a first diode 
Dll and a second diode D12 are formed outside the first 
to fourth field effect transistors using a P-type 
diffused region 44 forming a channel stopper. 

The first field effect transistor Qll is 
provided with source/gate wiring 121. The 
source/gate wiring 121 is formed across an insulating 
film 124 on a source diffused region 122 and a channel 
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region and the P-type diffused region 44 forming the 
channel stopper, and is connected to the source 
diffused region 122 and the P-type diffused region 
44 via a contact hole 123. The insulating film 124 
5 has structure in which a gate oxide film, an NSG film 
and a BPSG film are laminated as shown in Fig. 7 and 
their films form a thick layer. The source/gate 
wiring 121 is connected to a terminal T2 . 

Besides, the first field effect transistor Qll 

10 and the second field effect transistor Q12 have 
structure in which a drain diffused region 125 and 
drain wiring 126 are shared. The drain wiring 126 
is connected to the drain diffused region 125 via a 
contact hole 127. The drain wiring 126 is connected 

15 to the terminal T2 . 

Besides, the second field effect transistor 
Q12 and the third field effect transistor Q13 share 
a source diffused region 128 and source/gate wiring 
129. The source/gate wiring 129 is connected to the 

20 source diffused region 128 via a contact hole 130 and 
is formed across insulating films 131, 132 over each 
gate region. The insulating films 131, 132 have 
structure in which a gate oxide film, an NSG film and 
a BPSG film are laminated as shown in Fig. 7 and their 

25 films form a thick layer. The source/gate wiring 129 
is connected to the terminal T2 connected to an input 
terminal Tin. 

Further, the third field effect transistor Q13 
and the fourth field effect transistor Q14 share a 

30 drain diffused region 133 and drain wiring 134. The 
drain wiring 134 is connected to the drain diffused 
region 133 via a contact hole 135. The drain wiring 
134 is connected to a terminal Tl connected to a power 
supply terminal Ts. 
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Besides, the fourth field effect transistor 
Q14 is provided with source/gate wiring 136. The 
source/gate wiring 136 is formed across a source 
diffused region 137, an insulating film 138 and the 
5 P-type diffused region 44 forming a channel stopper, 
and is connected to the diffused region for a source 
contact 137 and the P-type diffused region 44 via a 
contact hole 139. The insulating film 138 has 
structure in which a gate oxide film, an NSG film and 

10 a BPSG film are laminated as shown in Fig. 7 and their 
films form a thick layer. The source/gate wiring is 
connected to the terminal T2 connected to the input 
terminal Tin. 

The diode D is composed of the P-type diffused 

15 region 44 forming a channel stopper and a high-density 
N-type diffused region 140 formed outside the P-type 
diffused region 44. The diodes Dll and D12 have 
configuration that the N-type diffused region 140 is 
respectively connected to anode wiring 142, 144 via 

20 each contact hole 141, 143 formed on the upside of 
the N-type diffused region 140. The anode wirings 
142, 144 are connected to the terminal Tl connected 
to the power supply terminal Ts . Besides, the diodes 
Dll andD12 have configuration that the P-type diffused 

25 region 44 is connected to the source/gate wiring 
121/the drain wiring 136 which are respectively 
cathode wiring via each contact hole 123, 139 formed 
on the upside of the P-type diffused region 44. The 
wirings 121, 136 are connected to the terminal Tl 

30 connected to the power supply terminal Ts . 

Fig. 8 shows an equivalent circuit of the 
protection circuit 112. 

The protection circuit 112 is composed of the 
first field effect transistor Qll to the fourth field 
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effect transistor Q14 and the diode Dll. The first 
field effect transistor Qll to the fourth field effect 
transistor Q14 have configuration that each source 
is connected to the terminal Tl, each drain is 
5 connected to the terminal T2 and each gate and each 
back gate are connected to the terminal Tl . The diode 
Dll has configuration that the anode is connected to 
the terminal Tl and the cathode is connected to the 
terminal T2 . 

10 According to this embodiment, as current can 

be absorbed by the plural transistors of the first 
field effect transistor Qll to the fourth field effect 
transistor Q14 and the plural diodes of the diodes 
Dll and D12, the protection circuit can deal with 

15 heavy-current. As the plural transistors and the 
plural diodes can be collectively formed in the 
periphery of one well region 32, an isolating region 
for isolating each element is not required and the 
protection circuit 112 can be miniatur i zed . Besides, 

20 as the diffused regions and the wiring can be shared 
by the first field effect transistor Qll to the fourth 
field effect transistor Q14, the first diode Dll and 
the second diode D12, the wiring can be simplified. 

Aresistor for generating impedance may be also 

25 inserted between an internal circuit 11 and the 
protection circuit 12. 

Fig. 9 is a block diagram showing the 
semiconductor device according to the third 
embodiment of the invention. The same reference 

30 number is allocated to the same component as that shown 
in Fig. 1 and the description is omitted. 

In a semiconductor device 200 in this 
embodiment, a resistor Rl is inserted between an 
internal circuit 11 and a protection circuit 12 . The 
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resistor Rl is set to larger impedance than the 
impedance of the protection circuit 12 when the 
protection circuit 12 is operated. 

Heavy-current can be prevented from flowing 
on the side of the internal circuit 11 by inserting 
the resistor Rl between the internal circuit 11 and 
the protection circuit 12 when current is absorbed 
by the protection circuit 12. 

In this embodiment, the description is made 
using the field effect transistor for an example, 
however, the similar circuit configuration canbe also 
acquired using a bipolar transistor* 

Fig. 10 is a circuit diagram showing a 
protection circuit using a bipolar transistor. 

The protection circuit 300 using the bipolar 
transistor is composed of a diode D21 and a bipolar 
transistor Q21 . The bipolar transistor Q21 includes 
the body Q31 of the transistor, an internal resistor 
R31 and a parasitic diode D31. The diode D21 is 
provided separately from the parasitic diode D31 of 
the bipolar transistor Q21. 
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